The zero interest policy was introduced by the Bank of Japan (BOJ) and kept in force from February 12, 1999 through August 11, 2000, after which the BOJ introduced the quantitative easing policy in March 19, 2001. On March 9, 2006, the BOJ exited quantitative easing amid signs that deflation was ending and the recession had disappeared. After that, the zero interest rate policy again was introduced. Quantitative easing policies has been examined a lot in the literature; however, the BOJ introduced Abenomics, an unprecedented, aggressive monetary policy, on April 4, 2013. The effectiveness of the monetary policy during the zero interest rate policy era has not been adequately discussed. This article focuses on daily Japanese stock prices during the zero interest rate era; employs a principal components analysis to determine the effectiveness of the policy; and shows domestic interest rates, US interest rates, US and China stock prices, and the exchange rate of yen/US dollar influence Japanese stock prices but that the yen/Euro exchange rate does not.
As the exchange rate premium model or portfolio approach model for exchange rate determination models has prevailed, the existence of premium foreign exchange markets has been analyzed. It is of course related strongly to interest rates. Bhar, Chiarella, and Pham (2001) provided evidence that the forward risk is stationary and has substantial time variation. Wu (2007) showed empirical results that reject the restrictions on the exchange rate and interest rate imposed by the term structure of interest rates. Azouzi, Kumar, and Aloui (2011) found that the forward premium is crucial for short-term calculations. Using data from six countries, Kim (2013) indicated that pricing revision errors exist in the exchange rate risk premium.
Recently, expansion of the traditional premium models has been ongoing. Arminio (1986) provided a theoretical model for how the risk premium relates to international shares of foreign assets and wealth, as well as the variance-covariance matrix of prices and exchange rates. Beng and Siong (1993) showed that forward discounts of exchange rates reflect expectations of future changes in exchange rates, and expectations of the financial market are not rational. Basurto and Ghosh (2001) indicated that there is little evidence that real interest rates contribute to a large risk premium. Landcon and Smith (2003) denied the rational expectations hypothesis and found the existence of a time-varying risk premium. Corte and Tsiakas (2009) showed that risk-averse market participants prefer to pay a high fee to switch from a dynamic portfolio decision based on the random walk model to the decision that hinges on the forward premium with stochastic volatility model. Alain and Carmelo (2015) found that pricing errors from ignoring the term structure of interest rates is smaller than the error that results from omission of the foreign exchange risk. Breoll, Welzel, and Wong (2015) showed that uncovered interest rate parity did not hold when international firms had a risk-averse attitude. Estrella and Mishkin (1996) showed that empirical results depend on macroeconomic variables. Also, Kim and Singleton (2012) showed that a variety of non-negative symmetric term structure models lead to various predictions regarding the behavior of longer-term yields around the zero or low bound. De Pace (2013) showed that the term structure is not a credible predictor of economic growth.
The relationship between stock prices and macroeconomic variables has been discussed all over the world. Campbell (1987 Campbell ( , 1991 , Shiller (1998), Cutler, James, and Summers (1989) , Fama and Schwert (1997) , Hodrick (1992) , and Keim and Stambaugh (1986) showed that short-and long-term interest rates have a modest degree of forecasting power for excess stock returns. Similarly, other studies, such as Campbell and Shiller (1991) and Fama (1984) , have shown that the slope of the term structure of interest rates makes it possible to forecast excess stock returns.
On the other hand, Campbell and Ammer (1993) and Hamori and Honda (1996) showed that short-term interest rates impact stock prices. During the 1980s and 1990s, many researchers analyzed the relationship between stock prices and interest rates.
Black Monday occurred in 1987 in the United States. At that time, international interdependence of stock prices received much attention, which prompted studies by Eun and Shim (1989) , Jeon and Chiang (1991) , Lai, Lai, and Fang (1993) , Chowdhury (1994) , and Hirayama and Tsutsui (1998) . Liow, Muhammad, and Huang (2006) showed that the expected risk premium and the conditional volatilities of the risk premia on property stock are time-varying and dynamically related to the conditional volatilities of macroeconomic determinants. However, few recent studies have examined this topic. Meric (2012) showed that US stock markets have large impacts on the European and Australian stock markets. Also, Meric, Kimb, Geng, and Meric (2012) indicated that Singapore, Indian, and Japanese stock markets are the most influential markets and the Philippine and South Korean stock markets are the least influential stock markets in Asia. Mazuruse (2014) found that stock returns in Zimbabwe are most largely influenced by changes in Applied Economics and Finance Vol. 3, No. 3; 2016 105 consumer prices, money stocks, exchange rates, and treasury bills. Pradhan, Arvin, Norman, and Hall (2014) showed that banking sector maturity and stock market maturity are linked.
Little research exists on the effect of the exchange rate on stock prices. Hamao (1988) investigated this relationship and found that the exchange rate was not significant for Japan, but Choi, Hiraki, and Takezawa (1998) showed that the exchange rate is an important factor. Homma, Yoshiro, and Tsutsui (2005) stated that stock investors evaluate firms' foreign asset positions and respond to changes in the exchange rate. Demarzo and Duffie (1995) , Barton (1996) , Brown (2001) , and Pincus and Rajgopal (2003) argued that hedging using financial derivatives can reduce the amount of noise in corporate earnings. Since the 1980s, capital movement across countries has been dramatic. In spite of the reduction in fluctuations of the exchange rate in the 1990s compared to the 1980s, the capital movement should not be ignored. Since the middle of the 2000s, exchange rate instability has been common. There is some possibility that exchange rates have been influencing Japanese stock prices.
In the fields of economics, few studies have employed principal components analysis. Moreover, few existing studies have analyzed monetary policy. On the other hand, this method can decompose the variables that examine economic phenomena into common and specific components. This article examines whether or not the zero interest rate policy was effective. The sample period is from October 5, 2010, to April 3, 2013, namely, during the time of the zero interest rate policy. Japanese stock prices are focused to judge whether or not the zero interest rate policy was effective. Along with regression analysis, principle component analysis is used.
Empirical methods are explained in section 2. Section 3 show the empirical analyses and the results. Further empirical analyses are the performed and the results examined. Finally, this article ends with a brief summary.
Theoretical Background and Empirical Method

Theoretical background
Principal components analysis is a statistical method for clearing a smaller number of uncorrelated variables, namely, principal components, from a large set of data. The goal of this analysis is to check the maximum amount of variance with the fewest number of principal components. This method combines the techniques of principal component analysis to decompose the variables that examine economic phenomena into common and specific components. One can use this analysis to reduce the number of variables and avoid multicollinearity or when there are many variables relative to the number of observations.
Data and empirical method
The data used in this paper are interest rates (Japanese call rate, Japanese long-term rate [10 years], and FF), stock prices (Nikkei [Japan], S&P, DOW, DAX [Germany] , and SHASHR [China]), exchange rates (yen/US dollar and yen/Euro), and oil prices (Japan). Daily data are used for estimation.
First, correlation of each variable is estimated and estimation of a country model is performed by reduced form with 11 endogenous variables, in addition to a constant and a linear trend is performed. The first principal component of variables that represent economic activity, the common component, is obtained and 80% of the variance, indicating the common existence of a common component, is employed.
Results and Implications
The empirical results are shown in Table 1 and Figure 1 . For scree plots, order 2 is selected. Scree Plot (Ordered Eigenvalues) The results show that Japanese stock prices are linked to domestic interest rates, US interest rates, US and Chinese stock prices, and exchange rate of yen/US dollar.
Moreover, regression analyses are performed. Adding to the standard OLS method, GMM (generalized method of moments) and robust estimation are also used for estimation. The GMM estimators are known to be consistent, asymptotically normal, and efficient among all estimators that do not use any extra information aside from that contained in the moment conditions. Robust estimation is unlike maximum likelihood estimation. OLS estimates for regression are sensitive to the observations that do not follow the pattern of the other observations. This is not a problem Applied Economics and Finance Vol. 3, No. 3; 2016 108 if the outlier is simply an extreme observation from the tail of a normal distribution; however, if the outlier is from non-normal measurement error or some other violation of standard OLS, it compromises the validity of the regression results if a nonrobust regression method is employed.
The results are shown in Table 2 . Response of STOCKJ to S_P Response of FF to S_P The US stock prices rose, Japanese stock prices increased the next day, and the influence continues for some time. The effect on Japanese stock prices is similar to that in the exchange rate of yen/US dollar. Depreciation of the yen and increases other countries' stock prices make Japanese stock rises rise and the effect continues for some time.
For interest rates, domestic short-term interest rates impact stock prices negatively as expected; however, domestic long-term interest rates and foreign interest rates positively impact Japanese stock prices. Also the effects continue for some time as in the regression analyses.
Conclusions
This article focuses on the zero interest rate policy era in Japan and employs principal components analysis in addition to regression analyses to examine whether or not this policy was effective for domestic stock prices. The results showed that domestic interest rates, US interest rates, US and Chinese stock prices, and the yen/US dollar exchange rate influence Japanese stock prices; however, the yen/Euro exchange rate does not.
Japan conducted unprecedented and more aggressive monetary policy, quantitative easing and qualitative and quantitative monetary policy. From April 2013, Abenomics was implemented, and the yen deprecated greatly and stock prices rose largely. However, it should be noted that during the zero interest rate policy era, stock prices rose slightly but significantly as expected.
Certainly stock prices are determined by many factors and the factors change always and continuously. It is important to examine whether or not monetary policy was effective during not only the quantitative easing era but also during the era of the zero interest rate policy. Further research is needed for analyses.
